Abstract-This paper describes a robust controller design method based on switching functions. The proposed method is independent of plant parameters and has the same configuration as a conventional optimal servo controller. Simulation results show that the cost performance of the proposed method is superior to that of a conventional optimal servo controller.
I. INTRODUCTION
An optimal control design method can be defined as a design method that exhibits excellent robustness [1] - [3] . In recent years, this method has been applied in various fields, such as the precision position arrangement control of hard disks and the high velocity revolution control of disk drives [4] - [6] . The design method-one among several design approaches that realize energy savingusually considers the transient characteristic and input energy consumption as a valuation function in the optimal control. However, this method does not always produce the desired response when there are widely varying changes in the plant parameters.
In this study, to avoid the influence of the changes in the plant parameters, we designed a control system independent of the plant parameters. Moreover, the optimal control also realizes a system design that is robust to disturbances usually experienced. The proposed method is derived from the switching function using sliding mode control. The obtained control system has the same composition as a conventional optimal servo controller and is easily mountable on the control system. This paper is structured as follows. In section 2, we present a discrete-time robust controller that is based on a switching function. In section 3, we discuss the simulation results, while in section 4, we conclude this paper. 
II. DISCRETE-TIME ROBUST CONTROLLER BASED ON

A. Plant
The transfer function of a general system is described as 
, which is discretized by the forward difference method in (3), is given in (4) below.
where T is sampling time. The expansion system, which includes the integral of the deviation in the state variable, is
Also, the components of these matrices are described as 
B. Switching Function
The switching function makes the marks of ( , ) xy
In sliding mode control, the switching function in a continuous time system is expressed as (7) And we rewrite (7) as (8) 
C. Proposed Method
The switching function defined by sliding mode control is given by (9) where I K is the integral control gain and i c is the state feedback gain [7] - [9] . Then, we assume that
Thus, the switching function is described as (10) Substituting (4) into (10), we get (11) The integral of the deviation z is similarly obtained as
Therefore, we obtain (13) (13), which is denoted by the matrix form, is described as (14) And the expansion system is constructed as (15) To determine the optimal gain matrix, the following valuation function is introduced.
(16) Then the optimal gain matrix which minimizes (17) is given by (17) where P is the solution of the matrix Riccati equation (18) Next, the control input for which (13) is subtracted from (5) is obtained as 
We rewrite (19) as (20) Thus, we obtain the control function () uk as
The transfer function which (20) was substituted for (2) and was rearranged as follows (22) The coefficients of the dominator polynomial () Az and the numerator polynomial () Bz are listed in Table I . Only () Rz is the z-transform of the target value () rt . The general equation (23) is obtained from Table I , and is given by 
A. Stable System
Consider a second-order integral plant as follows:
The weights of the cost function (16) are (27) From equation (15), the optimal gain matrix is given by (28) An input-side disturbance of magnitude -0.1 is inserted at time
To show the robustness of the proposed method, we assume that there is 50%  error in the plant parameter of the stability system.
The simulation result is shown in Fig. 2 , which verifies that there is little variation due to the disturbances and that it has excellent robustness.
B. Unstable System
The weights of the cost function (16) . To show the robustness of the proposed method, we assume that there is 50%  error in the plant parameter of the unstable system.
The simulation result is shown in Fig. 3 , which verifies that it has the same result as the plant above with a stable system. 
IV. CONCLUSIONS
This paper describes a control system design method that is independent of the plant parameters. Although the obtained control system has almost the same composition as a conventional optimal servo control system, it is robust to parameter changes because the design method is independent of plant parameters. If a plant parameter changes in the conventional optimal servo system design method, the system must be redesigned each time; however, this is not necessary with the proposed method. Results were confirmed via simulations. Unstable system
